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ABSTRACT
In total, 446 healthy individuals (240 in urban and 206 in rural environments, respectively) were selected
from 96 households, based on cluster sampling of residential location. Demographic, sociological and
environmental data were collected by face-to-face interviews using a standard questionnaire. Infection
with Helicobacter pylori was assessed by detection of anti-H. pylori IgG serum antibodies. The prevalence
of H. pylori antibodies was 75.4% in the urban population and 72.3% in rural (village) residents
(p 0.459). No association was found between infection and age, gender, education level, size of
household, economic activity or source of drinking water. The infection rate was higher in children
whose parents were both infected, and also in children whose mother was infected (p < 0.001). By
logistic regression analysis, the density of occupation of sleeping accommodation (more than three
persons sharing a room; 95% odds ratio (OR) = 9.82 (4.13–23.31), p < 0.001), and the mother’s status
within the household (95% OR = 3.85 (1.53–9.67), p 0.003), were independent predictors for H. pylori
infection. The 74% seroprevalence of H. pylori infection found in healthy Beninese individuals is similar
to that reported previously from other parts of sub-Saharan Africa. Family contact with infected persons
and crowded living conditions were associated with increased risk of infection. These findings are
consistent with intra-familial H. pylori transmission and suggest that improvement of living conditions
should be protective against infection.
Keywords Benin, environment, Helicobacter pylori, prevalence, risk factors, transmission
Original Submission: 4 October 2004; Revised Submission: 3 February 2005; Accepted: 23 February 2005
Clin Microbiol Infect 2005; 11: 611–617
INTRODUCTION
Helicobacter pylori infection is associated with a
range of gastric and duodenal lesions [1–3], and is
a class I carcinogenic agent, involved in gastric
carcinogenesis as well as in development of
gastric lymphomas of the MALT type [1–3]. The
WHO has concluded that H. pylori plays a causal
role in the chain of events leading to cancer of the
stomach [4]. The prevalence of infection, based on
serological detection of IgG anti-H. pylori serum
antibodies by ELISA, varies by country from 20%
to 90%, with higher prevalence rates of > 60%
observed in developing countries, including
Africa [3]. The major difference between devel-
oping and developed countries is the high rate of
acquisition of H. pylori infection during childhood
in developing countries. Although the route of
transmission of H. pylori infection remains un-
clear, both water-borne transmission and person-
to-person transmission within the family have
been documented by epidemiological and micro-
biological studies [5,6].
There has been no previous seroepidemiologi-
cal study of the Beninese population; however,
the prevalence of upper digestive pathologies
appears to be increasing, based on reports from
private and public medical practitioners. A study
performed during 1994 at the University Hospital
of Cotonou found a 62% prevalence of H. pylori
infection, based on a combination of culture,
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anatomopathology and urease tests on gastric
biopsy specimens from patients with upper
digestive complaints (unpublished data). How-
ever, the prevalence in asymptomatic adults
and children has not been examined previously.
Various serological tests, mainly IgG-based
ELISAs, have been validated in adult populations
in comparison with invasive methods, with
acceptable sensitivity and specificity for clinical
use [7,8]. Therefore, the primary aim of this study
was to evaluate the prevalence of H. pylori
infection in the Beninese population in both
urban and rural environments. The secondary
aims were to determine the family distribution of
infected individuals, and the influence of indi-
vidual demographic variables and socio-econo-
mic family characteristics on the risk of infection.
MATERIALS AND METHODS
Study design
A cross-sectional descriptive study was conducted from
September 2003 to March 2004 on two groups: from an urban
environment in Cotonou, the capital city of Benin; and from
the locality of Pahou in the province of Atlantique. Cotonou
has 665 100 inhabitants (representing c. 10% of the Beninese
population) and is divided into 13 districts, comprising 138
areas [9], while Pahou has 12 618 inhabitants and is divided
into three districts, comprising nine areas [9].
The sample size was determined by cluster sampling of
individuals living in households from the same area according
to the following formula:
Sample size ¼ a
2  PQ
ı 2
 C
where a = 1.96, P = expected prevalence, Q = 1 ) P, ı´ = pre-
cision = 0.10, and C = correcting factor of cluster effect = 2.5.
The prevalence of 62%, as found by the previous study in
Cotonou, indicated a need to sample 226 individuals for the
urban survey. As no seroprevalence data were available from
rural Benin, the prevalence (76%) reported for the rural
environment in South Africa [10] was used to calculate a
sample size of 176 individuals for the Pahou survey. Since 5%
of individuals declined either to participate, or to complete the
questionnaires and give blood specimens, final sample sizes of
237 and 185 individuals for Cotonou and Pahou, respectively,
were calculated.
In Cotonou, three areas were selected (Segbeya, Gbedjr-
omede, Cadjehoun), each of which served as a cluster for
sampling of 79 subjects aged ‡ 2 years. The selected areas were
scattered throughout the city and included inhabitants cover-
ing the range of socio-economic profiles encountered among
the residents of Cotonou [11]. By the same method, two
sampling clusters were selected in Pahou, namely the areas of
Acadjame and Ahozon, from each of which 93 subjects were
recruited. The ‘random choice of the routes’ procedure was
used [12]. Starting from the centre of the selected area, a street
and a first house were selected randomly from a map. Then,
house-by-house, all eligible members of each household
available for study were enrolled until the required number
of subjects was reached. Based on the questionnaire data,
persons with a history of gastroduodenal ulcer, with current
chronic complaints of the upper digestive tract for > 2 months
(nausea, vomiting, heartburn, pyrosis or indigestion) or those
currently using anti-ulcer medications were excluded.
The study was approved by the Ethics Committee of the
Public Health Ministry of Benin.
Data collection
Data collection within the households was done by the
principal investigator (B.A.) and three trained field assistants.
For each member of the selected household, the investigators
obtained written informed consent from the family head. A
standard questionnaire was completed by direct interview to
obtain individual socio-demographic data regarding each
resident member of the household (age, gender, family or
servant status, educational level, economic activity, ethnic
group). Health status, recent upper digestive tract complaints,
medical and surgical history, and medications taken
£ 2 months before the interview (particularly proton pump
inhibitors and antibiotics), were also recorded. In addition,
various household characteristics were recorded, including the
size of the household (number of family members and other
residents), family income, number of first-generation family
descendants, access to potable water indoors or outdoors,
access to toilet facilities indoors or outdoors, and number of
individuals sleeping together per room or dormitory.
Collection and analysis of serum samples
Blood samples (5 mL) were obtained from each subject by
peripheral venipuncture under aseptic conditions. Samples
were refrigerated on ice during transport to the laboratory. After
separation, 200-lL serum samples were labelled and frozen at
) 20C until testing. Detection of anti-H. pylori IgG by ELISA
(Pyloriset EIA-G III; Orion Diagnostica, Espoo, Finland) was
performed after analytical validation in our laboratory. Absorb-
ance results were measured with an ELX800 LTE automatic
microtitre plate reader (Bio-Tec Instruments, Winooski, VT,
USA). H. pylori infection was defined on the basis of a serum
sample positive for H. pylori IgG antibodies if the absorbance of
the sample was ‡ 20 U ⁄mL.
Assays were performed according to the manufacturer’s
instructions, and without knowledge of an individual’s
H. pylori status. Preliminary data suggest that this test has a
sensitivity of 100% (95.6–100%) and a specificity of 94.3%
(88.6–97.7%) in an adult population, and a sensitivity of 90.1%
and a specificity of 90.3% in a paediatric population (14th
International Workshop on Gastroduodenal Pathology and
Helicobacter pylori, abstract 14 ⁄ 21).
Statistical analysis
Data analyses were performed with EPI-INFO (v. 6.04) and
SPSS-WIN (v. 11.5). The Pearson chi-square test was used for
inference testing on proportions of categorical variables.
Student’s t-test was used for comparing the means of normally
distributed, continuous variables. Subjects were categorised by
education level if either attending school or having graduated;
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individuals who had never attended school constituted the ‘no
education’ group. Economic activity indicated whether an
individual was engaged in any income-generating activity at
the time of the study. Monthly family income was categorised,
according to the National Institute of Statistics and Economic
Analysis (INSAE) [11,13], into three groups: low income,
20 000–49 500 CFA (30.53–75.57€); medium income, 50 000–
99 500 CFA (76.33–152€); and high income, ‡ 100 000 CFA
(‡ 152.67€). First-level family members included the father,
mother, and their sons and daughters, who were classified into
three groups: children (aged 2–13 years); teenagers (aged
14–18 years); and young adults (aged > 18 years). Other
individuals living under the same roof, with ⁄or without
kinship to the family, including servants, were also included.
Households were categorised by size as follows [10,12]: small
(four individuals); medium (five to seven) or large (eight or
more). To analyse the distribution of infection status among
household members, four serological status categories were
defined according to the serological results of the parent(s):
both parents positive; both parents negative; only mother
positive; and only father positive. Other stratifications of
variables are shown in the tables. A stratified univariate
analysis was made to assess the association between socio-
demographic variables and infection status in the two com-
munities under study. Odds ratios (ORs) were determined
with 95% CIs. Multivariate analysis was done by stepwise
forward logistic regression based on the probability ratios. The
dependent variable was H. pylori seropositivity. The inde-
pendent variables (co-variables) were all the other variables of
the study. The group presenting the lowest infection risk was
chosen as indicator. Significant predictors were identified and
ORs calculated with 95% CIs.
RESULTS
Demographic and socio-economic characteristics
The investigation took place in 96 (54 urban and
42 rural) households (participation rate of 94%).
After exclusion of 19 individuals (12 in urban and
seven in rural areas) who reported current chro-
nic upper gastrointestinal complaints (n = 8) or a
history of ulcer (n = 11), 446 consenting individ-
uals among 487 household residents (participa-
tion rate of 95%) were enrolled in the study (240
in urban and 206 in rural areas). The mean size of
urban households was five individuals (SD ± 2,
range 2–8), whereas the mean rural household
comprised six individuals (SD ± 2, range 4–10).
Of the enrolled subjects, 98.4% stated that they
were in good health, with 16.2% reporting a
history of medical or surgical care.
The individuals in the survey (53.6% females)
had a mean age of 24 years (SD ± 16, range
2–73 years), with 199 (44.6%) children aged
2–15 years. Ethnic origin was diverse, with seven
groups represented, of which the Fon people were
the most frequent. Most households were of
medium size (Table 1). Most (83.4%) individuals
had access to drinking water from taps connected
to private or public water pipes, and only 16.6%
drew water from a well (Table 1). A minority had
access to a modern flushing toilet, with 75.6%
using public or private latrines (Table 1).
Table 1. Personal and household characteristics of the
individuals studied and the prevalence of Helicobacter
pylori infection by category
Variable category Number
No (%) infected
by H. pylori p value
Environment 0.45
Urban 240 181 (75.4)
Rural 206 149 (72.3)
Age (years) 0.36
2–5 44 30 (68.2)
6–9 75 59 (78.6)
10–13 60 41 (68.3)
14–15 20 15 (75.0)
16–24 44 35 (79.5)
25–34 77 57 (74.0)
35–44 85 67 (78.8)
45–54 19 14 (73.7)
55–74 22 12 (54.5)
Gender 0.26
Male 207 148 (71.5)
Female 239 182 (76.2)
Education level 0.23
Primary 157 119 (75.8)
Secondary 171 132 (77.2)
University 63 42 (66.7)
None 55 37 (67.3)
Economic activity 0.87
No 251 185 (73.7)
Yes 195 145 (74.4)
Ethnic group 0.003
Fon 174 128 (73.6)
Goun 92 78 (84.8)
Yoruba 43 29 (67.4)
Mina 66 42 (63.6)
Nagot 47 38 (80.9)
Othera 24 15 (62.5)
Household member status 0.005
Father 81 53 (65.4)
Mother 100 85 (85.0)
S ⁄D 229 170 (74.2)
Other 36 22 (61.1)
No. of household members 0.65
£ 4 95 71 (74.7)
5–7 299 218 (72.9)
‡ 8 52 41 (78.8)
Family income < 0.001
Low 174 136 (78.2)
Medium 218 165 (75.6)
High 54 29 (53.7)
Sleeping accommodation density < 0.001
1 person 92 47 (51.0)
2 or 3 persons 277 215 (77.6)
‡ 4 persons 77 68 (88.3)
Toilet type < 0.05
Flush toilet 90 56 (62.2)
Private latrine 219 169 (77.2)
Public latrine 118 90 (76.3)
No toilet 19 15 (78.9)
Water source 0.72
Private tap 165 123 (74.5)
Public tap 207 152 (73.4)
Private well 54 42 (77.8)
Public well 20 13 (65.0)
aDendi and Ahoussa ethnic groups.
S ⁄D, son ⁄daughter (first-generation family descendants).
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Prevalence and risk-factors
Serological testing revealed that 74% (330 ⁄ 446) of
individuals were positive for anti-H. pylori IgG.
The prevalence of H. pylori infection was similar
in the urban (75.4%) and rural (72.3%) areas. The
infection was highly prevalent in children aged
< 10 years, with rates varying from 68.2% in the
group aged 2–5 years to 78.6% in the group aged
6–9 years (Table 1). By univariate analysis, age,
gender, education level, economic activity and
household size were not associated statistically
with H. pylori infection, whereas ethnic group,
family status in the household, family income,
type of toilet and number of people sharing
sleeping accommodation were associated signifi-
cantly with infection (Table 1).
Stratified analysis by setting (urban vs. rural)
confirmed the acquisition of infection below the
age of 10 years in both environments (Table 2). In
both the rural and urban settings, there was a
consistent excess risk of H. pylori infection for
mothers, compared to other family members or
residents in the household, and for residents of
low-income households with crowded sleeping
accommodation. A dose–response effect was
noted for the latter two factors, which had a
maximal effect in the urban environment
(Table 2).
Analysis of the prevalence of H. pylori infection
in children (first-generation family descendants),
according to the serological status of their parents,
indicated that the infection rate was higher in
children when either both parents were infected
or the mother alone was infected (Table 3).
The final logistic regression model for the study
sample showed that only two independent pre-
dictors were associated strongly with infection,
i.e., either motherhood or sharing sleeping accom-
modation with other household members
(Table 4). A dose–effect relationship was
observed according to the number of people
sleeping in the same room, exemplified by a ten-
fold increased risk for sleeping with more than
three individuals as compared to sleeping alone
(Table 4).
A multivariate logistic regression analysis con-
firmed that parental infection status and crowded
sleeping accommodation were two independent
predictors associated strongly with infection of
children. The risk of H. pylori infection in children
was 13-fold higher when both parents were
positive (95% OR = 13.6 (3.63–51.22), compared
with when either the mother or father were
positive (95% OR = 5.3 (1.52–18.45) and 95%
OR = 2.7 (0.47–15.44), respectively (p < 0.0001).
The H. pylori infection risk in children was higher
when they were sharing sleeping accommodation
with one or two individuals (95% OR = 5.2 (1.08–
Table 2. Stratified analysis of the prevalence of Helicobacter
pylori infection according to socio-demographic variables in
urban vs. rural communities
Variable
category
Urban residents
(n = 240)
Rural residents
(n = 206)
No.
No. (%)
positive p value No.
No. (%)
positive p value
Age (years) 0.49 0.39
2–5 21 16 (76.2) 23 14 (60.9)
6–9 38 32 (84.2) 37 27 (73.0)
10–13 43 31 (72.1) 17 10 (58.8)
14–15 11 9 (81.8) 9 6 (66.7)
16–24 23 19 (82.6) 21 16 (76.2)
25–34 37 25 (67.6) 40 32 (80.0)
35–44 53 40 (75.5) 32 27 (84.4)
45–54 9 7 (77.8) 10 7 (70.0)
55–74 5 2 (40.0) 17 10 (58.8)
Gender 0.17 0.79
Male 116 83 (71.6) 91 63 (71.4)
Female 124 98 (79.0) 115 84 (73.0)
Education level 0.15 0.36
Primary 61 51 (83.6) 96 68 (70.8)
Secondary 108 82 (75.9) 63 50 (79.4)
University 58 38 (65.5) 5 4 (80.0)
None 13 10 (76.9) 42 27 (64.3)
Economic activity 0.33 0.20
Yes 97 70 (72.2) 98 75 (76.5)
No 143 111 (77.6) 108 74 (68.5)
Ethnic group < 0.01 0.80
Fon 64 49 (76.6) 110 79 (71.8)
Goun 54 48 (88.9) 38 30 (78.9)
Yoruba 38 25 (65.8) 5 4 (80.0)
Mina 39 25 (64.1) 27 17 (63.0)
Nagot 30 26 (86.7) 17 12 (70.6)
Othera 15 8 (53.3) 9 7 (77.9)
Household member status < 0.001 < 0.001
Father 44 24 (54.5) 37 29 (78.4)
Mother 54 46 (85.2) 46 39 (84.8)
S ⁄D 124 96 (77.4) 105 74 (70.5)
Other 18 15 (83.3) 18 7 (38.9)
No of household members 0.32 0.94
£ 4 61 47 (77.0) 34 24 (70.6)
5–7 151 110 (72.8) 148 108 (73.0)
‡ 8 28 24 (85.7) 24 17 (70.8)
Family income < 0.001 < 0.001
Low 50 45 (90.0) 124 91 (73.4)
Medium 136 107 (78.7) 82 58 (70.7)
High 54 29 (53.7) 0 0 (0.0)
Sleeping accommodation
density
< 0.001 < 0.001
1 person 55 30 (54.5) 37 17 (45.9)
2–3 persons 153 120 (78.4) 124 95 (76.6)
‡ 4 persons 32 31 (96.9) 45 37 (82.2)
Toilet type < 0.001 0.88
Flush toilet 78 48 (61.5) 12 8 (66.7)
Private latrine 124 100 (80.6) 95 69 (72.6)
Public latrine 38 33 (86.8) 80 57 (71.3)
No toilet 0 0 (0.0) 19 15 (78.9)
Water source 0.63 0.62
Private tap 140 104 (74.3) 25 19 (76.0)
Public tap 100 77 (77.0) 107 75 (70.1)
Private well 0 0 (0.0) 54 42 (77.8)
Public well 0 0 (0.0) 20 13 (65.0)
aDendi and Ahoussa ethnic groups.
S ⁄D, son ⁄daughter (first-generation family descendants).
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25.16), p < 0.05) or four or more individuals (95%
OR = 16.6 (2.66–103.44), p < 0.005), compared to
sleeping alone.
DISCUSSION
The present study was the first seroprevalence
study of H. pylori infection in Benin. A prevalence
of 74% was observed among an asymptomatic
population in one urban and one rural commu-
nity. This high prevalence is in line with other
studies carried out in the African continent, which
have reported rates of 50–90% [1,10,14–16]. This
rate is higher than that in Europe and North
America [17,18], where the prevalence is 30–50%.
In developing countries, the onset of infection is
thought to take place during childhood [19], as
confirmed in the present study. No significant
association between H. pylori infection and gender
was found. Similar observations have been made
previously [20,21], although other studies have
reported a higher prevalence of infection among
men [22,23]. There is no apparent biological
reason why males should have greater exposure
or susceptibility to infection. However, in certain
populations, more frequent antimicrobial treat-
ment in women with urogenital tract infections
could simultaneously eliminate H. pylori infection.
Similar H. pylori seroprevalence rates were
observed in urban and rural communities. Studies
in South Africa and Spain have found similar
prevalence rates [10,17]. In contrast, an Ethiopian
study found a two-fold higher prevalence in an
urban population [24], a difference that was
ascribed to the higher urban population density
with poor living conditions, such as crowded
accommodation and lack of privacy. Given the
high prevalence found at an age of 2 years, most
individuals in the present study seem to have
spent their childhood in an environment favour-
able to spread of the infection.
The risk of infection appeared highest in
households where many people were sharing
sleeping accommodation. Confined living condi-
tions are known risk-factors for infection [25]. In
the present study, the highest prevalence was
observed in low-income households, in agree-
ment with other reports that have identified
poverty as a risk-factor predisposing to infection
[26]. However, income was not an independent
predictor of infection in multivariate model ana-
lysis when crowded living conditions were inclu-
ded. The lower prevalence observed in the
higher-income households in Cotonou, compar-
able with that in Europe, might be related to the
better living conditions, with separate bedrooms
for children. The infection rate was marginally
higher in some ethnic groups, but this was not
found to be an independent predictor. Further
studies using a different design are needed to
examine the role of ethnic groups or genetic
background in susceptibility to H. pylori infection.
Contrary to other studies that have provided
evidence for water-borne transmission from open
wells in Peru and Japan [5,27], no significant
association between H. pylori infection and supply
of drinking water from wells was identified. In
Benin, people are in the habit of handling and
storing potable water from the tap in the same
way as water from a well, which might explain
this finding. Whether this discrepancy reflects
different routes of transmission in diverse popu-
lations, or the confounding effect of low-income-
associated conditions related to use of wells for
potable water, is not clear. Interestingly, the
clustered distribution of infection among family
members in the present study supports the
hypothesis of intra-familial transmission [6].
Table 3. Univariate analysis of the prevalence of infection
in first-generation family descendants (n = 229) by sero-
logical status of their parents
Parental infection status
Number
of S ⁄D
No. (%) of
infected S ⁄D p valuea
Both parents positive (n = 98) 112 94 (83.9)
Mother only positive (n = 54) 82 60 (73.2)
< 0.0001
Father only positive (n = 10) 11 5 (45.5)
Parents negative (n = 19) 24 11 (45.8)
aChi-square test for heterogeneity.
S ⁄D, son ⁄daughter (first-generation family descendants).
Table 4. Independent predictors of Helicobacter pylori
infection among household members (n = 446) based on
the final logistic regression model (stepwise forward
method)
Predictors Odds ratio (95% CI) p value
Household member status < 0.001
Mother (n = 100) 3.85 (1.53–9.67)
Father (n = 81) 1.30 (0.54–3.14)
S ⁄D (n = 229) 1.14 (0.51–2.55)
Other (n = 36) 1
Sleeping accommodation density < 0.001
1 person (n = 92) 1
2–3 persons (n = 277) 3.94 (2.27–6.83)
‡ 4 persons (n = 77) 9.82 (4.3–23.31)
Hosmer–Lemeshow test: v2 = 3.46; p 0.62.
S ⁄D, son ⁄daughter (first-generation family descendants).
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In addition, first-generation family descendants
were at higher risk of H. pylori infection when
their mother or both parents were infected. These
data support the hypothesis that children become
colonised from the mother more often than from
the father. Conversely, motherhood was also a
predictor of risk of infection. These findings are
strongly suggestive of intra-familial transmission,
particularly mother-to-child and child-to-mother.
However, the possibility of child-to-child
and father-to-child transmission should not be
ignored. Previous studies have reported similar
findings of excess risk of H. pylori infection for
parents, particularly when mothers were infected
[28,29], and child-to-child transmission among
siblings [30,31]. Intra-familial transmission has
been demonstrated by molecular typing studies in
Sweden and Greece, which showed a high pro-
portion of shared H. pylori strains among siblings
and between mother and child [32,33].
The present study had some methodological
limitations. First, the infection status was deter-
mined by a single serological test. Serological tests
showed a large variation in performance when
applied to children, with sensitivities ranging
from 50% to 96% and specificities ranging from
83% to 100% [34,35]. However, preliminary data
suggest that the cut-off value recommended by
the manufacturer of the Pyloriset EIA-G III (the
test used in the present study) is appropriate for
testing samples from children (14th International
Workshop on Gastroduodenal Pathology and
Helicobacter pylori, abstract 14 ⁄ 21). Despite its
validation in adult and paediatric populations,
however, differentiation between current and
past infection in the case of a positive test result
was sometimes difficult, except by clinical confir-
mation, since antibody titres may remain high
even after treatment.
Second, although a proportional sampling
method, with probability proportional to size,
was used, the statistical analysis did not take the
design effect into account, so type 1 error and
confidence intervals were potentially underesti-
mated. However, most associations showed
robust significance levels (p < 0.005), suggesting
that similar conclusions would be reached with
more sophisticated statistical analyses that take
the design effect into account.
In summary, these results, demonstrating a
high prevalence of H. pylori infection dating from
early childhood in both urban and rural Beninese
communities, corroborate those from other devel-
oping countries. The findings show that being a
mother, or a child of an infected mother, and
living in crowded conditions were potential
predictors of infection. These findings are consis-
tent with the hypothesis of person-to-person intra-
familial transmission, particularly from mother to
child. It would be very interesting to conduct
mother–child cohort studies in high-prevalence
countries and to observe the way of life closely to
better identify behavioural risk-factors. Improved
living conditions for children should result in a
decrease in the prevalence of this infection in
hyper-endemic areas such as Africa, and could
help to prevent a significant burden of disease in
these populations.
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